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Abstract
We report a simple method to synthesize V 4+ Here we present a study on the synthesis of V 4+ species by a two step, one pot process.
TABLES
First, V 2 O 5 is dissolved in concentrated HCl, followed by chemical reduction of V 5+ (VO 2 + ) with glycerol. 16, 17 The V 4+ (VO 2+ ) electrolyte synthesized is subsequently used in a RFB to electrochemically generate V 2+ / V 5+ species and demonstrate electrolyte cyclability and thermal stability. We prove the stability of the electrolyte across an even wider temperature range (-10 to 65°C) and compare to sulfate-based counterparts.
EXPERIMENTAL
In a 300 mL beaker, deionized water (38.9 mL, 2.16 mol, double distilled) and 12. maintained a flow rate of 30 mL/min. To avoid the air oxidation of V 2+ to V 3+ , ultra-high purity nitrogen gas was flowed over both reservoir tanks.
Cyclic voltammetry (CV) was carried out using a CH Instruments CHI-760 bipotentiostat in a standard three electrode cell with a 3.0 mm diameter glassy carbon (GC)
working electrode (CH Instruments), Ag/AgCl wire (1 M KCl) reference electrode, and a platinum wire counter electrode. Variation of the synthesis parameters in Table 1 CV was used to evaluate the electrochemical characteristics of then synthesized V
RESULTS AND DISCUSSION

4+
(VO 2+ ) species. 15 Fig. 1(d) shows the CV response of the synthesized electrolyte at a GC electrode. Here the peak in current attributed to V 4+ oxidation to V 5+ was observed at 1.151 V vs.
Ag/AgCl, whereas the peak reduction current from V 5+ to V 4+ was observed at 0.881 V. The CV sweep began at 0.0 V and was swept anodically. A nonfaradaic current was observed until the voltage was swept sufficiently anodic for rise in oxidation current and the V 4+ oxidation peak to be seen. This behavior, along with the deep blue color, suggests that nearly all vanadium ions were in the 4+ state, as a large V 5+ reduction wave was not initially observed. 20 To determine the thermal stability of vanadium chloride electrolytes, three sets of V To analyze the stability of vanadium species in chloride and sulfate solutions, we utilized the previously generated V 
CONCLUSION
